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ABSTRACT

M i d - w a t e r  t r a w l i n g  t e c h n i q u e s  w e r e  u s e d  d u r i n g  S e p t e m b e r  t o  e s t i m a t e
k o k a n e e  p o p u l a t i o n  a b u n d a n c e ,  s t r u c t u r e  a n d  s u r v i v a l .  Abundance in 1985 was
e s t i m a t e d  a t  4 . 5  m l l  I  i o n  f  I s h  (198 p e r  h e c t a r e ) ,  d o w n  f r o m  o v e r  1 2  mfl  I  I on
kokanee i n  1 9 7 4  w h e n  t h e  p o p u l a t i o n  w a s  f i r s t  m o n i t o r e d .  H a t c h e r y  f r y
p r o d u c t i o n  ((6 m i l l i o n  a n n u a l l y )  h a s  s t a b i l i z e d  k o k a n e e  a b u n d a n c e  s i n c e  i t s
i n i t i a l  d e c l i n e  i n  t h e  l a t e  1 9 6 0 s .  W i l d  f r y  r e c r u i t m e n t  h a s  r e m a l n e d
re la t ive1 y  s t a b l e  a t  1 . 8  m i l l i o n  since 1 9 7 8 ;  whereas recru 1 tment o f
ha tchery - reared  f ry  has  ranged  f rom 0 .09  to  1 .98  m i l l  I on .

T h e  1 9 8 5  c r e e l  s u r v e y  i n d i c a t e d  t h a t  k o k a n e e  h a r v e s t  r a t e s  rema  i n  I  ow ,
w i t h  a p p r o x i m a t e l y  o n e  k o k a n e e  h a r v e s t e d  p e r  h o u r  o f  e f f o r t  f r o m  A p r i l  t o
August.  Ca tch  ra tes  were  as  h igh  as  3 .5  f i sh  per  hour  dur ing  the  mld -1960s .

The  zoopl  ank ton  commun i ty  was  m o n i t o r e d  w i t h  periodic p l a n k t o n  t o w s .
Z o o p l a n k t o n  c o m p o s i t i o n  i n  1 9 8 5  w a s  s i m i l a r  t o  p r e v i o u s  y e a r s  a n d  a p p e a r s  t o
h a v e  s t a b i l i z e d  f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  m y s l d s ,  w l t h  p e a k  c l a d o c e r a n
p r o d u c t i o n  o c c u r r i n g  s e v e r a l  weeks  a f te r  peak  kokanee  emergence .  De I ayed
r e l e a s e  o f  h a t c h e r y  f r y  r e s u l t e d  i n  h i g h e r  s u r v i v a l  o f  h a t c h e r y  (7.3%) t h a n
w I Id (0.43%) kokanee fry.  Other  re lease  s t ra teg ies  w 1  I  I  be  tes ted  as  more
f ry  become ava i lab le .

The 1985 egg take was 10.6 ml l  I  ion, down 29% from the 1984 take and less
than 40% of the projected egg take necessary to f  I  I  I  Cab inet Gorge Hatchery.
Low egg collectlon  in 1985 was more a resul t  of  reduced spawner migrat ion due
to  low wate r  tempera tu re  than  reduced  spawner  abundance .  Leng th  o f  kokanee
s p a w n e r s  h a s  b e e n  increas ing  s i n c e  1 9 7 5 ,  p r o b a b l y  t h e  r e s u l t  o f  l o w
p o p u l a t i o n  d e n s i t y  a n d  u t i l i z a t i o n  o f  m y s i d s  b y  o l d e r  a g e - c l a s s e s .

R9Rl FRl EB



I NTRODUCTION

Lake Pend Orellle  supported the most popular  kokanee salmon (Oncorhynchus
nerka)  f i s h e r y  i n  I d a h o  f r o m  t h e  1 9 4 0 s  u n t i l  t h e  e a r l y  1 9 7 0 s .- - - The sport  and
commerc ia l  f i shery  p roduced  an  average  annua l  y ie ld  o f  1  m l l  I  i on  kokanee  fo r
3 6 0 , 0 0 0  h o u r s  o f  a n g l  I n g  e f f o r t  f r o m  1 9 5 1  t o  1 9 6 5  (El1 i s  a n d  B o w l e r  1 9 7 9 ) .
S p o r t  a n g l e r s  e n j o y e d  c a t c h  r a t e s  a s  h i g h  a s  3 . 5  f i s h  p e r  h o u r  d u r i n g  t h e
mid-1960s. Annua I k o k a n e e  h a r v e s t  h a s  d e c I ined s tead Iy  s i nce   1 9 6 5  t o
p r e s e n t  l e v e l s  o f  l e s s  t h a n  2 0 0 , 0 0 0  f i s h ,
a p p r o x l m a t e l y  1  k o k a n e e  p e r  h o u r .

s u p p o r t i n g  m e a n  c a t c h  r a t e s  o f

f i s h e r y , k o k a n e e  a r e  t h e  p r i m a r y
i n  a d d i t i o n  t o  p r o v l d i n g  a n  i m p o r t a n t

(Saimo  gairdneri) a n d  b u l l
f o r a g e  f o r  t r o p h y  Kamloops r a i n b o w  t r o u t

- -
Ore1  I  l e .  - - -

t r o u t  ( S a l v e l i n u s  c o n f l u e n t u s )-e-e--- i n  L a k e  P e n d

Severa  I f a c t o r s  c o n t r i b u t e d  t o  t h e  I n i t i a l decl  I  n e  o f  k o k a n e e .
Hydropower development adverse1  y impacted s u c c e s s  o f  kokanee
salmon. A i b e n i  F a i l s  D a m  w a s  c o m p l e t e d  i n

spawnlng

Eng I neers
1952 by the Army Corps of

as p a r t  o f  t h e  B o n n e v  i  I  i e  P o w e r  A d m i n i s t r a t l o n  (BPA) n e t w o r k .
Located on the Pend Orei l le River approximately 35 km downstream of Lake Pend
Orei I le, A i b e n i  F a i l s  D a m  r a i s e d  l a k e  l e v e l s  4  m .  A n n u a l  w i n t e r  drawdown
a v e r a g i n g  1 . 3  m  f r o m  1 9 5 1  t o  1 9 6 8  i n c r e a s e d  e m b r y o  m o r t a l  i t y  b y  e x p o s i n g
redds  o f  l akeshore  spawn ing  kokanee  (Bowle r  e t  a l .  1979) .  Cab I net Gorge Dam
w a s  c o n s t r u c t e d  o n  t h e  C l a r k  F o r k  R i v e r  (rkm  19) f o r  p o w e r  g e n e r a t i o n  b y
Washington Water Power Company (WWP). Completion  o f  th i s  dam in  1952  b locked
an i m p o r t a n t  k o k a n e e  s p a w n i n g  r u n  i n t o  t h e  C l a r k  F o r k  R i v e r  a n d  i t s
+r ibutar ies. Deci i n  1  ng  kokanee  abundance  may  have  been  acce le ra ted  by
c o m m e r c i a l  a n d  s p o r t  f i s h i n g  o v e r h a r v e s t .
s h r i m p  (_Mysk r e l  icta)

The estab I  ishment of  opossum

- - - i n  L a k e  P e n d  O r e i l  i e  d u r i n g  t h e  m i d - 1 9 7 0 s  a d v e r s e l y
impac ted  kokanee  rec ru i tmen t .  I d a h o  D e p a r t m e n t  o f  F i s h  a n d  G a m e  ( IDFG)
I n t r o d u c e d  _Mysls in  1968  to  enhance  the  kokanee  fo rage  base .  The expected
r e s p o n s e  o f  i n c r e a s e d  j u v e n i  I  e  g r o w t h  a n d  s u r v  i v a l  d i d  n o t  o c c u r  b e c a u s e
mys ids  competed  w i th  pos t -emergen t  kokanee f r y  f o r  c l a d o c e r a n  z o o p l a n k t o n .
Compet i t ion  w i th  and  p reda t ion  on  zoop lank ton  by  mys ids  de layed  p roduc t ion  o f
t w o  c l a d o c e r a n s  (Daphnia  a n d  Bosmlna)  w h i c h  a r e  e s s e n t i a l  j u v e n l l e  k o k a n e e
f o r a g e  d u r i n g  t h e  f i r s t  f e w  w e e k s o f  f e e d l n g  (Rieman  a n d  B o w l e r  1980).
inc reased  g rowth  o f  o lder  kokanee was  a lso  no t  as  g rea t  as  an t i c ipa ted  due  to
spat ia l  segregat ion  be tween Mys is  and feed ing  kokanee.  Myslds remain in deep
w a t e r  d u r i n g  d a y l i g h t  h o u r s  a n d  m i g r a t e  t o  s u r f a c e  w a t e r s  a t  n i g h t .  Kokanee
a r e  v i s u a l  f e e d e r s  a n d  a r e  t h u s  a b l e  t o  f e e d  o n  t h e  s h r i m p  f o r  s h o r t  p e r i o d s
during dawn and dusk only (Rieman  1977).

i n t e r a g e n c y  e f f o r t s  t o  r e h a b i l i t a t e  t h e  k o k a n e e  f i s h e r y  b e g a n  w i t h  i t s
initial d e c l i n e .
Fal is Dam in

T h e  A r m y  C o r p s  o f  E n g i n e e r s  a d o p t e d  a  polfcy  f o r  A i b e n l
1967 t o  m i n i m i z e  w a t e r  l e v e l

spawn i ng and incubation.
f l u c t u a t i o n s  d u r i n g  k o k a n e e

IDFG e n a c t e d  s p e c i a l  s p o r t  h a r v e s t  r e g u l a t i o n s  f o r
k o k a n e e  I n  1 9 7 3  a n d  t e r m i n a t e d  t h e  c o m m e r c i a l  f i s h e r y .  Hatchery product ion
o f  kokanee  fo r  Lake  Pend  Ore i l  l e  was  es tab l  ished by  1974 and  he lped  s tab i l i ze
population  numbers .  D e l a y e d  p l a n t i n g  o f  h a t c h e r y  f r y  until m i d - s u m m e r  t o
a v o i d  e a r l y  s e a s o n  f o r a g e  d e f i c i e n c i e s  i n c r e a s e d  h a t c h e r y  f r y  s u r v i v a l  u p  t o
1 3  t i m e s  t h a t  f o u n d  i n  t h e  w i l d  ( B o w l e r  1981).
f i s h e r y  f r o m  t o t a l  c o l l a p s e ,

Hatchery  p roduc t ion  kep t  the
b u t  r e a r i n g  c a p a c i t y  o f  e x i s t i n g  h a t c h e r i e s  w a s
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i n a d e q u a t e  t o  r e b u i l d  t h e  f l s h e r y .  P r l o r  t o  1 9 8 5 ,  h a t c h e r i e s  c o u l d  p r o v i d e
o n l y  6  t o  8  m i l l i o n  k o k a n e e  f r y  a n n u a l l y  f o r  L a k e  P e n d  O r e l l l e .  Research
ind ica ted  tha t  re leases  o f  up  to  20  ml  I  I  i on  f ry  annua l  I  y  may be  necessary  to
r e s t o r e  t h e  f i s h e r y  t o  h i s t o r i c  l e v e l s  (Rieman 1 9 8 1 ) .

In  an  e f fo r t  to  enhance  Lake  Pend  Ore l l l e  kokanee  p roduc t ion ,  the  Cab ine t
G o r g e  H a t c h e r y  w a s  b u i l t  o n  t h e  C l a r k  F o r k  R i v e r  4  k m  b e l o w  C a b i n e t  G o r g e
Dam. Cos t  o f  the  ha tchery  was  approx imate ly  $2 .2  mi l l i on   and  represented  a
cooperative ef for t  among BPA, WWP and IDFG. B P A  f u n d i n g  w a s  f r o m  o n - s i t e
r e s i d e n t  f i s h  m i t i g a t l o n  f u n d s  m a n d a t e d  b y  t h e  N o r t h w e s t  P o w e r  A c t  o f  1 9 8 0 .
C o n s t r u c t i o n  a n d  e v a l u a t i o n  o f  t h e  C a b i n e t  G o r g e  H a t c h e r y  i s  s p e c i f i e d  b y
m e a s u r e  804(e)(5)  o f  t h e  C o l u m b i a  R i v e r  B a s i n  F i s h  a n d  Wildl  i f e  P r o g r a m
(NWPPC 1 9 8 4 ) .  Cab ine t  Gorge  Hatchery  was  opera t iona l  by  November  1985,  in
t i m e  t o  r e c e i v e  k o k a n e e  e g g s  from G r a n i t e  C r e e k .  A t  f u l  I  c a p a c i t y  t h e
hatchery  wil I  p rov ide  up  to  20  ml  I  I  i on  kokanee f ry  fo r  re lease  In to  the  Pend
Oreille  system. R e b u i l d i n g  t h e  k o k a n e e  p o p u l a t i o n  t o  a t t a i n  a  g o a l  o f  o v e r
0 . 7 5  m i l l i o n  k o k a n e e  h a r v e s t e d  a n n u a l l y  i n  3 0 0 , 0 0 0  h o u r s  o f  e f f o r t  will b e
dependent  on  p roduc t lon  f rom th is  ha tchery .

T h i s  r e s e a r c h  p r o j e c t  w a s  d e v e l o p e d  b y  IDFG i n  c o o p e r a t i o n  w i t h  B P A  t o
eval uate the contr  lbut ion of  Cabinet Gorge Hatchery to the Lake Pend Orei I  le
kokanee s t o c k  a n d  f  i s h e r y  a n d  t o  p r o v i d e  r e c o m m e n d a t i o n s  f o r  o p t i m i z i n g
kokanee produc t ion  and surv iva l  .  P r e - p r o j e c t  d a t a  c o l  lected d u r i n g  1 9 8 5  a n d
i n c l u d e d  i n  t h i s  r e p o r t  w i l l  b e  u s e d  w i t h  o t h e r  d a t a  t o  m e a s u r e  t h e
e f f e c t i v e n e s s  o f  k o k a n e e  r e l e a s e s  f r o m  C a b i n e t  G o r g e  H a t c h e r y  b e g i n n i n g  i n
1986.

OBJECTIVES

1. T o  a s s e s s  t h e  s t a t u s  o f  k o k a n e e  In L a k e  P e n d  O r e i l l e  b e f o r e  t h e  i n f l u e n c e
o f  C a b i n e t  G o r g e  H a t c h e r y ;  i n c l u d i n g  p o p u l a t i o n  s i z e ,  a g e  c o m p o s i t i o n  a n d
h a t c h e r y - w i l d  c o m p o s i t i o n .

2. T o  d e t e r m i n e  k o k a n e e  a g e  c o m p o s i t i o n ,  g r o w t h  a n d  s u r v i v a l  i n  r e l a t i o n  t o
p o p u l a t i o n  d e n s i t y  a n d  c a r r y i n g  c a p a c i t y  o f  L a k e  P e n d  O r e l l l e .

3 .  T o  e v a l u a t e  s i z e ,  t i m i n g  a n d  l o c a t i o n s  f o r  r e l e a s e  o f  h a t c h e r y - r e a r e d
kokanee.

4 .  To  ob ta in  index  in fo rmat ion  on  na tu ra l  spawn ing  kokanee.

5 .  T o  m o n i t o r  t h e  L a k e  P e n d  O r e l l l e  z o o p l a n k t o n  community  a n d  r e l a t e  t o
changes in kokanee abundance.

6. To obtain pre-hatchery harvest data for the Lake Pend Oreille fishery for
c o m p a r i s o n  w i t h  s l m l i a r d a t a  a f t e r  h a t c h e r y  p r o d u c t  I o n  i n f  I  uences t h e
f Ishery.
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STUDY AREA

L a k e  P e n d  O r e i l l e  i s  l o c a t e d  i n  t h e  p a n h a n d l e  o f  I d a h o  ( F i g .  1). It is
the  la rges t  lake  in  Idaho  w i th  a  sur face  a rea  o f  383  km2,  mean  dep th  o f  164  m
and maximum depth of 351 m. Mean sur face  e leva t ion  o f  Lake  Pend Ore i l  l e  i s
6 2 9  m s l .
Ore i l  l e .

T h e  C l a r k  F o r k  R i v e r  i s  t h e  l a r g e s t  t r i b u t a r y  t o  L a k e  P e n d
Out f low f rom the  lake  fo rms  the  Pend  Ore i l l e  R ive r .

Lake Pend Ore1  I I e is a temperate, o l i g o t r o p h i c  l a k e  w i t h  m i n i m a l  e v i d e n c e
o f  c u l t u r a l  o r  n a t u r a l  e u t r o p h i c a t i o n  (Rleman  1 9 7 7 ) .
a v e r a g e  a p p r o x i m a t e l y  9  C  i n  t h e  u p p e r  4 5  m  o f  w a t e r .

Summer temperatures
T h e  N : P  r a t i o  i s

t y p i c a l  l y  h i g h  (>ll)  a n d
(Rleman  a n d  B o w l e r  1980).

indicates  p r i m a r y  p r o d u c t i o n  m a y  b e  P  I  i m i t e d
Mean chlorophyl  I “an

i s  a p p r o x i m a t e l y  2  g/l.
concentration dur I ng summer

from 5 to 8 m.
Summer mean water t ransparency (secchi disk) ranges

A  w i d e  d i v e r s i t y  o f  f i s h  s p e c i e s  a r e  p r e s e n t  i n  L a k e  P e n d  Ore11  l e .
Kokanee en tered  the  I  ake  in  the  ear  I  y  193Os,
and were  we l  I  es tab i  l shed by  the  1940s .

p resumab ly  f rom Flathead  Lake
O t h e r  g a m e  f i s h  i n c l u d e :  Kam I oops

r a i n b o w  t r o u t ,  b u l l  t r o u t ,  r a i n b o w  t r o u t  (Saimo  qalrdneri),  c u t t h r o a t  t r o u t
(Salmo  clarki), l a k e  w h i t e f i s h  (Coregonus  clupeaformls),  m o u n t a i n  w h i t e f i s h
(Prosop ium wllllamsoni)  and severa l  sp iny  ray  spec ies .

Kokanee Abundance

Kokanee were sampled in September wi th a mid-water t rawl towed by a 8.5 m
boat  w i th  a  140 hp  d iese l  eng ine .
mouth.

The  t raw l  ne t  was  13 .7  m long  w i th  a  3x3  m
Mesh s izes  (s t re tch  measure )  g radua ted  f rom 32 ,  25 ,  19  and  13  mm in

the  body  o f  the  ne t  to  6  mm in  the  cod  end .
col lected.

A l l  age  c lasses  o f  kokanee  were
Traw I  ing was done at night dur ing the dark phase of  the moon to

o p t i m i z e  c a p t u r e  e f f i c i e n c y  ( B o w l e r  1 9 7 9 ) .  The  t raw l  was  towed a t  1 .5  m/s  a t
d e p t h s  e s t i m a t e d  f r o m  c a b l e  a n g l e - l e n g t h  r e l a t i o n s h i p s  a n d  v e r i f i e d  w i t h  a
t ime-dep th  recorder .  E a c h  o b l  i q u e  h a u l  samp I ed t h e  e n t i r e  v e r t i c a l
dlstributlon  o f  k o k a n e e ,  a s  d e t e r m i n e d  from e c h o g r a m s  p r o d u c e d  b y  a  2 0 0  A
d e p t h  s o u n d e r  w i t h  t w o  h u l l  m o u n t e d  t r a n s d u c e r s  (220 a n d  80 b e a m  a n g l e s ) .
T h e  v e r t i c a l  d i s t r i b u t i o n  o f  k o k a n e e  w a s  d i v i d e d  i n t o  1 3 . 7  m  l a y e r s ;  u s u a l l y
3  t o  5  I  a y e r s  e n c o m p a s s e d  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  k o k a n e e .  A  s tandard
3 . 5  m i n u t e  t o w  w a s  m a d e  i n  e a c h  l a y e r ,
d istance of 305 m.

s a m p l  i n g  2 , 8 3 2  m3 o f  w a t e r  o v e r  a
Total  vol  ume of  water sampled for  each t raw I  hau I  var led

f rom 8 ,496  to  14 ,160  m3 depend ing  on  the  ver t i ca l  distribution o f  kokanee .

A  s t r a t i f i e d  r a n d o m  s a m p l i n g  s c h e m e  w a s  u s e d  t o  e s t i m a t e  k o k a n e e
abundance and dens I ty. L a k e  P e n d  O r e i l  l e  w a s  d i v i d e d  i n t o  s e v e n  s e c t i o n s  o r
s t r a t a  (Fig. 2).
c o n t o u r ,

Area  o f  each  sec t ion  was  ca lcu la ted  w i th in  the  91 .5  m dep th
e x c e p t  s e c t i o n  7 , w h i c h  w a s  c a l c u l a t e d  from  t h e  3 6 . 6  m  c o n t o u r

b e c a u s e  o f  s h a l l o w e r  w a t e r  ( F i g .  2). The 91.5 m contour was used because it
represen ts  the  pe lag ic  a rea  o f  the  lake  where  kokanee  a re  found  in  Sep tember

4
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Figure 1. Lake Pend Ore i 1 I e , Idaho.
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Figure 2. Stratified sampling sections and respective areas (hectares) used
during 1985 for trawling and kokanee abundance estimation on Lake
Pend Oreille, Idaho.
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(Bowle r  1978) .  T w o  t o  s l x  t r a n s e c t s  w e r e  s e l e c t e d  a t  r a n d o m  wlthln  e a c h
s e c t i o n  a n d  o n e  h a u l  ( s a m p l e )  w a s  m a d e  a l o n g  e a c h  t r a n s e c t .  To ta l  samp le
size In 1985 was 30 hauls.

F ish  numbers  per  t ransec t  (haul)  were  we lgh ted  by  t ransec t  vo lume and  the
age-spec I f ic number of kokanee for each stratum caIcuated    wIth the formuIa
(Scheaffer  e t  a l .  1 9 7 9 1 :

T i  = Nsi

where: N l  =  t o t a l  p o s s i b l e  s t a n d a r d  t r a n s e c t s  f o r  stratum1

yi = t o t a l  f l s h  c o l l e c t e d  w e i g h t e d  b y  s t a n d a r d
t r a n s e c t / n u m b e r  o f  t r a n s e c t s .

T h e  v a r i a n c e  a s s o c i a t e d  w l t h  t h l s  estimate  w a s  c a l c u l a t e d  a s :

t(Ti) = N*l (s2,/n1)((NT-ni)/NT)

where: ,2,= x1~1 (yl-~l12/fnl-1)

“i =  number  o f  samp les  (hau ls )  t aken  In stratumi.

A 90% bound (B) f= =0.10) was p laced on  th is  es t imate  by :

B = 1.6

To ta l  kokanee  in  Lake  Pend  Orellle  fo r  each  age-c lass  was  ca lcu la ted  as :

k
Ttotal  = i=l rriyi

where: -Nlyi = p o p u l a t i o n  e s t i m a t e  f o r  e a c h  s t r a t u m ( i )  f o r  L
t o t a l  s t r a t a .

The  va t - lance  associated w i th  th ls  es t lmate  was  ca lcu la ted  as :

A kV(Ttotal) = i=l N2,((t~i-nI)/Ni)(s2i/~i)

A 90% bound (B) (==O.lO)  was p laced on  th is  es t imate  by :

B =
j--.

1 . 6  VUtctal)

Kokanee popu la t ion  est lmates ( t o t a l  and by sect ion) were d i v i d e d  b y
r e s p e c t i v e  l a k e  s u r f a c e  a r e a s  t o  c a l c u l a t e  k o k a n e e  d e n s i t i e s  (nc./ha)  f o r
each age class.

7
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Survfval

R e l a t i v e  r e c r u i t m e n t  a n d  s u r v i v a l  o f  h a t c h e r y - r e a r e d  f r y  w e r e  d e t e r m i n e d
from t r a w l  c a t c h e s  o f  m a r k e d  h a t c h e r y - r e a r e d  f r y . A  p o r t i o n  o f  t h e  h a t c h e r y
f r y  r e l e a s e d  I n  L a k e  P e n d  O r e l l l e  t r i b u t a r l e s  w e r e  m a r k e d  w i t h  tetracycline.
T e t r a c y c l  I n e  ( T M - 5 0 1  w a s  mixed with f i s h  f e e d  a t  t h e  r a t e  o f  11% b y  w e i g h t
a n d  f e d  t o  k o k a n e e  f r y  f o r  1 0  d a y s  prior t o  r e l e a s e . Kokanee f ry  cap tu red  In
t h e  t r a w l  d u r i n g  S e p t e m b e r  w e r e  e x a m l n e d  f o r  t e t r a c y c l i n e  m a r k s  u s l n g  a n
u l t r a v i o l e t  I  I g h t .
f r y  w e r e  r e l e a s e d .

T h e  e x t e r n a l  m a r k  w a s  vlslble f o r  s e v e r a l  m o n t h s  a f t e r
W h e n  t h e  e x t e r n a l  m a r k  f a d e d  o n  o l d e r  k o k a n e e ,  t h e

f l u o r e s c e n c e  w a s  evident I n  v e r t e b r a e . Survival o f  h a t c h e r y - r e a r e d  k o k a n e e
f r y  w a s  m e a s u r e d  b y  c o m p a r i n g  e s t i m a t e s  o f  t e t r a c y c l i n e - m a r k e d  f r y  I n  t h e
I ake dur l ng September to known numbers of  marked f ry re leased ear l  fer In the
year .

Tetracyc I  I ne-marked f ry have been released 1 n Lake Pend Ore1 I I  e and Its
t r i b u t a r i e s  s i n c e  1 9 7 8  ( T a b l e  11. A l  I  f r y  marked  dur ing  1985  were  re leased
I n  t h e  C l a r k  F o r k  R l v e r  n e a r  C a b i n e t  G o r g e  H a t c h e r y  a n d  c o m p r i s e d  22.2% o f
t h e  t o t a l  f r y  r e l e a s e d  I n  t h e  C l a r k  F o r k  River, Granite a n d  Sullivan S p r l n g s
creeks .

W i l d  f r y  s u r v i v a l f r o m  p o t e n t l a l
abundance

e g g  deposltlon  (PED)  t o  S e p t e m b e r
was e s t l m a t e d  f r o m  t r a w l ca tches . P E D  w a s  c a l c u l a t e d  b y

mult iply ing average fecundity by estimated mature female kokanee abundance.

A n n u a l  s u r v i v a l  w a s  e s t l m a t e d  f o r  a g e  l+ a n d  o l d e r  k o k a n e e  b y  c o m p a r i n g
t r a w l - e s t i m a t e d  a b u n d a n c e  f o r  e a c h  y e a r  c l a s s  b e t w e e n  y e a r s . Spatial
dlstributlon  o f  kokanee  age  c lasses  was  de te rm ined  f rom abundance  es t ima tes
f o r  t r a w l  c a t c h e s  wlthin e a c h  s e c t i o n .

m Take

Since 1974, Idaho Department of F Ish and Game has ma inta Ined a permanent
w e l r  s t a t i o n  a t  t h e  m o u t h  o f  S u l l i v a n  S p r i n g s  C r e e k  ( t r i b u t a r y  t o  G r a n l t e
Creek) ,  a  ma jo r  kokanee  spawn ing  t r ibu ta ry  to  Lake  Pend Orellle  (Fig. 1). I t
has prov lded kokanee eggs for Lake Pend Orei I I e as we I I as other enhancement
a c t l v l t i e s .

N a t u r a l l y  Ko+canee--- -

Adu I  t  kokanee were  enumera ted  a long  I  akeshore  and  t r ibu ta ry  spawn Ing
a r e a s  t o  p r o v i d e  a n  I n d e x  o f  n a t u r a l l y  s p a w n l n g  k o k a n e e  a b u n d a n c e . Counts
were made by walk 1 ng each area once dur Ing the f  irst week of  December,  the
e s t i m a t e d  p e a k  o f s p a w n l n g  a c t i v i t y .
lakeshore  spawning  areas  were  surveyed,

O n l y  p r e - d e t e r m l n e d  portlons  o f

censused  In tributary s t r e a m s .
whereas  entlre spawning  areas  were

8
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Table 1. Loca t ion  and  mark ing  o f  ha tchery - reared  kokanee  f ry  re leased
I n  L a k e  P e n d  Orellle  a n d  Its t r l b u t a r l e s .

-e-e -

Location _

- - -I------------s----
Number of Tetracyc I 1 ne

Date----------p--kckanee  f t-y- marked- - - -

Sul I Ivan Sprlngs
Sullivan S p r i n g s
S u l l i v a n  S p r l n g s
S u l l i v a n  S p r l n g s
Cla rk  Fork  R ive r
Su I I Ivan Spr lngs
C la rk  Fork  R ive r
C la rk  Fork  R ive r
Scenic Bay
Pack River
Spr 1 ng Creek
Gambl in Creek
Sand Creek
Strong Creek
Schweitzer Cr
Grouse Creek
E a s t  River
Hoodoo Creek
P r l e s t  R i v e r
Sul I Ivan Spr

eek

%ls
C la rk  Fork  R ive r
C la rk  Fork  R ive r
Strong Creek
Sand Creek
Schweitzer Creek
Pack River
Pr  les t  River
Grouse Creek
East  R iver
Hoodoo Creek
Murphy Creek
Cla rk  Fork  R ive r
C l a r k  F o r k  River
Grani te Creek
Grani te Creek
Granl te Creek
Grani te Creek
Cla rk  Fork  R ive r
C l a r k  F o r k  River
Grani te Creek
Sullivan S p r i n g s

7/78 1,600,OOO Yes
7/79 1,745,730 Yes
7/80 1,081,400 Yes
7/81 2,219,800 Yes
7/81 1,933,600 Yes
7/82 2,487,800 No
7/82 1,200,500 Yes
7/82 653,000 No
7/82 1,480,600 No
7/82 21,300 No
7/82 100,500 Yes
7/82 8,400 No
7/82 8,400 No
7/82 8,400 No
7/82 8,400 No
7/82 7,700 No
7/82 10,700 No
7/82 25,100 No
7/82 22,500 No
7/83 2,875,600 No
7/83 1,883,300 Yes
7/83 607,100 No
7/83 12,000 No
7/83 10,200 No
7/83 10,200 No
7/83 25,500 No
7/83 20,400 No
7/83 10,200 No
8/83 20,400 No
7/83 25,400 No
8/83 17,000 No
7/84 645,034 No
8/84 1,011,594 No
7/84 1,388,638 Yes
7/84 1,204,886 No
8184 571,900 Yes
8/84 49,088 No
7/85 1,209,128 No
8/85 1,325,095 Yes
8/85 489,888 No
8/85 2,938,391 No
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&g and Length  at Maturity

T o t a l  l e n g t h  w a s  m e a s u r e d  a n d  o t o l  i t h s  e x t r a c t e d  f r o m  m a t u r e  k o k a n e e
c o l l e c t e d  d u r i n g  t h e  l a t e  f a l l  s p a w n i n g  s e a s o n  f o r  s p a w n e r  a g e  a n d  l e n g t h
f requency . S p a w n e r s  w e r e  c o l  l e c t e d  a t  Seen Ic Bay  w i t h  a  gi I I  n e t  a n d  f r o m
the we i r  on  Su l  I  I van  Spr ings  Creek . A g e  o f  m a t u r l t y  w a s  a l s o  e s t l m a t e d  f o r
kokanee col lected dur ing September trawling.

Zoop I ank ton

The zoop  I  ank ton  commun i ty  was  sampled  in  th ree  sec t  Ions  o f  Lake  Pend
Orel  I  l e  s e l e c t e d  t o  r e p r e s e n t  t h e  s o u t h e r n ,
t h e  l a k e  ( F i g .  3).

m i d d l e  a n d  n o r t h e r n  portlons  o f
Three random samples were col  I  ected from each sect  Ion

m o n t h l y  f r o m  M a y  t o  O c t o b e r . S a m p l e s  w e r e  c o l l e c t e d  w i t h  a  l/2 m  ring
p l a n k t o n  s a m p l e r  calibrated  b y  a  G e n e r a l
w i th  a  130 urn ne t  and  bucke t .

Ocean lcs  f l ow  mete r  and  equ lpped

a t  approximately
Ver t i ca l  hau ls  were  made by  tow lng  the  samp le r

0 . 1 5  m / s  w l t h  a n  electric  w i n c h . Z o o p l a n k t e r s  w e r e
e n u m e r a t e d  b y  g e n e r a  u s i n g  s t a n d a r d
(Edrnondson a n d  Winberg  1 9 7 1 ) .

d l l u t i o n  a n d  s u b s a m p l i n g  m e t h o d s
Enumerat ion data were expanded to est lmate the

tempora l  distrlbutlon  o f  zoop lank ton  dens l t i es  f rom May  th rough  Oc tober .

Angler  Effort  and Harvest

A  c r e e l  s u r v e y  w a s  c o n d u c t e d  t o  p r o v l d e  m i n l m u m  e s t i m a t e s  o f  a n g l i n g
e f f o r t , c a t c h  a n d  h a r v e s t  o f  s p o r t  f l s h e s . The 1985 survey  incorpora ted  a
sampl ing  scheme s im i la r  to  tha t  used  In  1980  (E l l i s  and  Bowle r  1981) .

T h e  c r e e l  s u r v e y  w a s t e m p o r a l l y  s t r a t i f i e d  t o  r e d u c e  v a r i a b i l i t y  a n d
prov ide  seasona l  ca tch  compar isons .
from Apr i  I  15 to November 30, 1985.

P r o j e c t  p e r s o n n e l  c o l  l e c t e d  c r e e l  d a t a
T h e  c e n s u s  s e a s o n  w a s  s t r a t l f l e d  i n t o

f  lve 1.5-month  p e r i o d s  t o  c o r r e s p o n d  w i t h  p e r  l o d s  u s e d  I n  s u r v e y s  p r i o r  t o
1980. E a c h  p e r i o d  w a s f u r t h e r  s t r a t l f l e d  I n t o  t h r e e  2 - w e e k  i n t e r v a l s .
Sampl  ing  da tes  dur ing  the  2 -week i n t e r v a l s  w e r e  estabilshed  t o  c o r r e s p o n d
w l t h  t h e  4 6 - d a y  (1.5-month)  p e r l o d s  u s e d  I n  s u r v e y s  p r i o r  t o  1 9 8 0 .

C r e e l  d a t a  w e r e  c o l l e c t e d  f r o m  1 3  m a j o r  a c c e s s  a r e a s  ( n o r t h  e n d  o f  l a k e :
Garf  leld Bay,
Resor t ,

T res t le  Creek ,  Johnson  Creek ,  Sandpo in t ,  I s land  V iew,  Kamloops
Elllsport  B a y ; s o u t h  e n d  o f  l a k e :

JD’s, V i s t a  B a y ,  Scenic  B a y ) .
F a r r a g u t ,  MacDonalds,  B o i l e a u s ,

These areas were sampled two weekend days and
one weekday dur ing each 46-day perlod.
J o h n s o n  C r e e k ,  S a n d p o l n t ,  I s l a n d  V i e w ,

Severa l  access  a reas  (T res t le  Creek ,

dur ing  ex t reme low use  per lods .
Kamloops  Resor t )  were  no t  samp led

Survey  da ta  were  expanded by  day  type (weekends or  weekdays)  to  es t imate
h a r v e s t , c a t c h  a n d  e f f o r t  ( h o u r s  a n d  a n g l e r - d a y s )  f o r  e a c h  i n t e r v a l ,  period
a n d  e n t i r e  c e n s u s  s u r v e y . For  example , a n  a n g l e r - d a y  w a s  d e f l n e d  a s  o n e
a n g l e r ’ s  f l s h i n g  t r i p  r e g a r d l e s s  o f  a c t u a l  f i s h i n g  time. The  number  o f
a n g l e r s  I n t e r v i e w e d  o n  a  g l v e n  d a y  w a s  multipl l e d  b y  t h e  n u m b e r  o f  s i m i l a r
day  types  w i th in  a  2 -week  in te rva l  to  es t imate  min imum number  o f  ang le r -days

10
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f o r  e a c h  I n t e r v a l . S l m i l a r  e x p a n s l o n s  w e r e  u s e d  t o  e s t i m a t e  h a r v e s t ,  c a t c h
a n d  h o u r s  o f  e f f o r t . I n t e r v a l  e s t i m a t e s  w e r e  s u m m e d  f o r  e a c h  p e r i o d  a n d
p e r i o d  e s t i m a t e s  w e r e  s u m m e d  t o  r e p r e s e n t  t h e  e n t i r e  s e a s o n .
w e r e  c l a s s i f i e d  a s

Expanded data
“ e s t i m a t e d  minimumN  b e c a u s e  s o m e  a n g l e r s  e x i t e d  t h e  l a k e

through unsurveyed land ings .

RESULTS

Kokanee  Abundaalbutlon and Biomass

f i s h
Total  kokanee abundance est imated dur ing September 1985 was 4.47 mIllIon

( F i g .  4). C o n t r i b u t i o n  o f  indlvldual y e a r  c l a s s e s  (YC) w a s  1 . 7 9  m i l l i o n
fo r  the  1984  YC (age  O+), 1 . 0 3  m i l l i o n  f o r  t h e  1 9 8 3  Y C  ( a g e  l+),  1 . 2 4  million
f o r  t h e  1 9 8 2  YC ( a g e  2+) a n d  0 . 3 7  m i l  I  i o n  f o r  t h e  1 9 8 0 - 1 9 8 1  YCs ( a g e  3+ a n d
4+1.

A v e r a g e  k o k a n e e  d e n s i t y  e s t i m a t e d  f o r  t h e  entlre  l a k e  ( c o m b i n e d
a g e - c l a s s e s )  w a s  1 9 8  f i s h  p e r  h e c t a r e  (Fig. 5). D e n s i t i e s  r a n g e d  f r o m  a  h i g h
o f  3 1 5  k o k a n e e / h a  I n  s e c t i o n  2  t o  a  l o w  o f  5 5  kokanee/ha  i n  s e c t i o n  6 . Age
0 +  a n d  a g e  2+ a n d  o l d e r  k o k a n e e  d e n s i t i e s  w e r e  s i g n i f i c a n t l y  h i g h e r  (P<O.lO)
I n  s o u t h e r n  t h a n  n o r t h e r n  s e c t i o n s  o f  L a k e  P e n d  Orellle. A g e  l+ k o k a n e e
d e n s i t i e s  w e r e  s i g n i f i c a n t l y  h i g h e r  i n  m i d - l a k e  t h a n  s o u t h e r n  se&Ions o f
Lake  Pend  Ore i l l e .

Es t imated  b iomass  o f  age  l+ and  o lde r  kokanee  in  Lake  Pend  Ore i l l e  during
S e p t e m b e r  w a s  2 0 1 , 8 0 3  k g . M e a n  k o k a n e e  l e n g t h s  a n d  w e i g h t s  f r o m  t h e
September t rawl  catch were 153 mm and 29 g for  the 1983 YC (age l+),  221 mm
and 92  g  fo r  the  1982  YC (age  2+),
(age 3+ and 4+).

and 262 mm and 160 g for  the 1980-81 YCs

I& and Length  at Uatur~

Mature  kokanee ,  de te rm lned  f rom the  Sep tember  t raw l  ca tch ,  were  found  In
t h e  2+ a n d  o l d e r  a g e  c l a s s e s  o n l y . Mature kokanee comprised 4.17% of age 2+
kokanee with 14% males and 86% females. An est imated 85.3% of age 3+ and 4+
k o k a n e e  w e r e  m a t u r e  a n d  c o m p r i s e d  o f  39% m a l e s  a n d  6 1 %  f e m a l e s . Age
compos i t ion  o f  kokanee spawners  in  Sull Ivan Spr ings  was 37% age 3+ (1981  YC)
and 62% age 4+ (1980 YC).

Mean leng ths  o f  kokanee  spawned f rom Su l l i van  Spr ings  Creek  were  283  +
4.1 mm and 274 5 3.4 mm ( =
respective1 y  (F l g .  6).

=0.05)  f o r  m a l e  (n=54) a n d  f e m a l e  (n=47) fish;
M e a n  l e n g t h s  o f  k o k a n e e s p a w n e r s  c o l  lected  from

Scen ic  Bay  (Navy  yard)  in  the  sou thern  end  o f  Lake  Pend Ore l  I  l e  were  283  L
6.2 mm and 256 + 3.0 mm ( =
r e s p e c t i v e l y .

=0.05)  f o r  m a l e s  (n=30) a n d  f e m a l e s  (n=24),

l o c a t l o n s .
M a l e s  w e r e  significantiy (p<O.O5)  l a r g e r  t h a n  f e m a l e s  a t  b o t h

M a l e  l e n g t h s  d l d  n o t  d i f f e r  significantly b e t w e e n  l o c a t l o n s ,
w h e r e a s  f e m a l e s  from  S u l l l v a n  S p r l n g s  w e r e  significantly l o n g e r  t h a n  f r o m
Scenic Bay.

12
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Spawnlnq  Escapement

A n  e s t l m a t e d  3 6 6 , 4 2 6  m a t u r e  k o k a n e e  c o m p r i s e d  t h e  1 9 8 5  s p a w n i n g
e s c a p e m e n t  i n  L a k e  P e n d  O r e l l l e  a n d  i t s  t r i b u t a r i e s .
kokanee (53% males,

Approximately 7 5 , 5 0 0
47% females) mlgrated to Sul  I  Ivan Spr lngs Creek f rom the

f i rs t  week  in  November  to  m id -January .  T h e  p r o p o r t l o n  o f  h a t c h e r y - r e a r e d  f r y
r e t u r n l n g  a s  a d u l t s  i n  1 9 8 5  w a s  a n  e s t l m a t e d  4 . 6 % .  T h e  Sull  I v a n  S p r l n g s  r u n
r e p r e s e n t e d  a p p r o x l m a t e l y
escapement.

2 1 %  o f  t h e  t o t a l  L a k e  P e n d  O r e l l l e  s p a w n l n g
Spawner  coun ts  In  o ther  t r ibu ta r les  and  lakeshore  spawn lng  areas

ranged from 5,284 kokanee In Spr Ing Creek to 0 kokanee In Trest  I  e Creek, and
2 ,912  kokanee  on  sou thern  I  akeshore  a reas  to  2  kokanee  coun ted  on  nor thern
lakeshore beaches (Table 2).

B a s e d  o n  tetracycline  m a r k  recoveries,  a n  e s t i m a t e d  3 4 %  o f  t h e  k o k a n e e
spawners  co l lec ted  by  gll  I  net  In  Scenic  Bay  were  o f  ha tchery  o r lg ln .

Potentfal  Egg Deposition and Eaa Take

Tota l  po ten t la l  egg  depos l t l on  was  an  es t lma ted  122 .5  mll  I  Ion with 104 .1
mil I  I o n  e g g s  a t t r i b u t e d  t o  n a t u r a l  s p a w n l n g  a n d  1 8 . 4  mll  I  I o n  e g g s  a v a i l a b l e
f r o m  S u l l i v a n  S p r i n g s  k o k a n e e .  Ma tu re  fema le  kokanee  abundance ,  estimated
f r o m  S e p t e m b e r  t r a w l  I n g ,  w a s  2 3 4 , 6 2 0  f  fsh. A p p r o x i m a t e l y  3 5 , 3 0 0  f e m a l e
k o k a n e e  ( 1 5 %  o f  t h e  t o t a l  estlmate)  w e r e  s p a w n e d  a t  t h e  S u l l i v a n  Springs w e i r
w l t h  1 9 9 , 3 2 0  f e m a l e  k o k a n e e  l e f t  t o  s p a w n  n a t u r a l l y  t h r o u g h o u t  L a k e  P e n d
O r e l l l e  a n d  i t s  t r i b u t a r l e s .
fema le  (Bow le r  1979) .

Fecundity was assumed to be 522 viable eggs per
Ac tua l  egg take  a t  Su l  I  I van  Springs  was 10 .6  mll  I  Ion

eggs  (300 eggs / fema le )  wh ich  represen ts  58% o f  the  es t lmated  egg  potential  o f
artlflclally  spawned females.

Survlval  and Recruitment

E s t i m a t e d  k o k a n e e  f r y  survival f r o m  p o t e n t f a t  e g g  deposltlon  t o  S e p t e m b e r
t rawl  sampl  Ing was at 1.46% for the 1984 YC.
a n d  wild f r y  w e r e  5 . 3  a n d  0.79%,  respectively.

S u r v l v a l  estimates  f o r  h a t c h e r y
A  s u r v i v a l  r a t e  o f  1 6 . 2 %  w a s

estimated f o r  1 9 8 4  Y C  h a t c h e r y - r e a r e d  f r y  f r o m  t l m e  o f  r e l e a s e  in l a t e  J u l y
to  fa l  I  samp l  fng  in  ea r l y  Sep tember .  Hatchery  f ry  p rov ided an  es t imated  54%
o f  t h e  t o t a l  k o k a n e e  f r y  recruitment  I n  1 9 8 5 . T h e s e  e s t i m a t e s  a r e  p a r t i a l l y
b a s e d  o n  t h e  r e l e a s e  o f  5 . 9 6  mll  I  i o n  h a t c h e r y - r e a r e d  f r y  ( 2 2 %  m a r k e d  w l t h
t e t r a c y c l i n e )  during l a t e  J u l y  a n d  e a r l y  A u g u s t  a n d  t h e  s u b s e q u e n t  t r a w l
catch of 3 marked fry out of 25 total fry.
(September to September;

E s t l m a t e d  a n n u a l  s u r v l v a l
c o m b  ined wl I d  a n d  h a t c h e r y  f  Ish) o f  o t h e r  k o k a n e e

was 39% for the 1983 YC (age l+) and 82% for the 1982 YC (age 2+).

16
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Table  2 . sp8ming g r o u n d  rurvry  #It88 8nd rdult kok8n88  c o u n t 8  md8 d u r i n g  th8  lW!i rp8ming 8888on Ofl Lsks p8nd Or8iLL8  8nd It8

tribut8ri88,  8xoludlng ths Gr8nit8 Cr88k  dr8inrQs.

L8karhor8 Trlbut8rl88

South8rn North8rn &uth8rn Northrrn

81 t8 Count 61 t8 Count 6ft8 Count 61 t8 Count

08yVi8U 8P888

Bubb ’ a

Whssl I n n

J.D.‘e
BOlL88U8

08yVi8U R88Ort

Nsvy Y8rd

Pl’iV8t8 Dock8

N8cDon8  ld ’ 8 R8BO rt

vfIt8 BSy

Subtots  t

F8rr8gU t
LsksvteW

B88V8r 68y

Tot8 t

Cirsnd  Tot8 t

G8rfisld B8y 0 North Qold Crrlk ma Tr88tl8 cr88k 0
b8fl B8y 0 &uth Oold Cr88k 235 Welt  Tf’88tt8 cr88k 0

2 sunnyride 0 Johnson Cr88k -
347 Tr88tl8 Crrek R88Ort8 2 Gsrfl8ld Cr88k -

6 EtLiIpOrt 0 Twln Cr88k 5
11 Lightning Cr88k 127

057 *ring Cr88k 5,234

1,288

185

438

3

2,915

-

4
-

2,BlB

9,288

2 931 5,416



Zooplankton Conrnunity 

Macro-zooplankton In Lake Pend Ore1 I le were sampled from May to November 
In 1985. Zooplankton densities were estimated from May through July. 
Generic composition Included Dap , Bosml na, _cyC, Diaptomus, 
Diaphanosoma, and _Ephura. Mysis density was not determlned in 1985. Total 
zoopl ankton dens I ty was I ess than 10 organisms per I lter at the end of June 
and increased to over 30 per liter during July (Fig. 7). The copepods 

Diaptcmus Cyclops and were the most abundant zoopl ankters, w lth comb lned 
densities ranging from 7.3 per I lter at the end of May to 24.5 per I lter at 
the end of July. The cl adocerans Dl?phnla and were rare1 y col lected 
until the end of July. Bosmina densltles increased from 0.5 per liter at the 
end of June to 1.5 per I lter by the end of July. Densities of Daphnia were 
negligible during May and June but Increased to 1.4 per liter by the end of 
July. Qlchura and Diaphanosoma were rarely found In Lake Pend Ore1 I le untl I -- 
the end of July, when densities were 0.2 and 0.1 per Ilter, respectively. In 
genera I, zooplankton densities were lower In the northern portlon (sectlon 3) 
of Lake Pend Ore1 I I e than southern portions (sect Ions 1 and 2). Statistical 
comparisons between months and between lake sectlons for each zooplankton 
group are shown In Figure 7 and Table 3. 

A creel survey was used to estimate catch, harvest and effort on Lake 
Pend Orellle from April 15 to November 30, 1985. At the time of thls 
wrltlng, creel survey information has been compiled only for the f lrst three 
survey perlods (through August 30). 

Total Catch and Effort 

Lake Pend Orellle sport anglers flshed an estimated 149,459 hours during 
29,878 angler days to catch 61,213 flsh from April 15 to August 30, 1985 
(Table 4). Creeled species include: kokanee, Kam I oops, cutthroat, ra I nbow 
trout, bul I trout, lake whitefish, mountain whitefish and various spiny rayed 
species. Approximately 43% of the anglers flshed for kokanee which made up 
87% of the estlmated catch, and 52% of the anglers flshed for trout 
(Including bull trout) which comprised 11% of the estlmated catch. 

Kokanee Catch and Harvest 

Anglers seeking kokanee caught an estlmated 52,335 kokanee from Aprl I 15 
to August 30 of which 52,268 (99.9%) were harvested (Table 5). Average catch 
rate for anglers seeking kokanee was approximately one fish per hour for 
50,997 hours of effort. An addltlonal 890 kokanee were harvested by anglers 
seeking other species. 
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Tab18 3. St8tlotlcrl ooaprrlron8 botm88n wnthr rnd botro8n rectlonr for zoopL8nkton with 8lgnlflo8nt (P <o.OS] 

lnt8r8otlon b8tmrrn 88lpllng tlm8 [month] rnd Loo8tlon (88ctlon). h 6 indiO8t88 8ignifiO8nt diff8r8nO8 

b8tW88n p81rIv whrrur N8 indio8trr 8 nOh-8ignlflO8nt dlff8r8nO8. comp8rl8on8 for oth8r zoopl8nktan groupr 

[with non-rIgnlfla8nt Intrr8atlon t8l'a8] 8r8 Li8t8d In Plgur8 0. 

coRp8rl8on cyc Lop. SO8m1 ll8 Eplchurr g8phnl8 Tot8 1 

1 2 3 

by VI JUn8 8 s s 

cby VI July s s s 

JUn8 VI July 8 MS S 

May Juns July 

8WttOn8 1 VI 2 MS S MS 

Saotlonr 1 VI 3 MS 8 MS 

bCttOn8 2 VI 3 MS S MS 

1 2 3 

MS MS MS 
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S MS 

8 MS 

June July 

MS MS 8 

MS MS S 

MS MS S 

S8atlon 

q 23 

MS MS MS 

MS S S 

MS S S 

Month 

i&y Jun8 July N8y Jun8 July Nay Jun8 July 

MS MS S 

MS MS S 

MS MS S 

1 2 3 

MS MS MS 

8 8 s 

s s s 

MS MS MS 

MS MS S 

MS MS S 

9 2 3 

s 8 8 

8 8 8 
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MS S MS 
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Table 4. Estlmatmd number of sngLer8 , rffort mnd l poolem hmrvmmtmd by l urvoy pmrlod , Lmkm Pmnd Orrlllr, Idmho, 1985. 

Lmkr 

b811' Lmrgmb cut- Bull white Spiny- Other Non- 

Fmrlod Angler0 Hour8 Kokmnmm rmlnba rmlnbor thromt trout flmh rmyr trout gmmr Totmlm - 

Apr 15-Mmy 30 11,391 70,205 1,842 1,552 011 203 621 606 02 130 74 6,109 

May 31-July 15 9,120 41,667 24,688 1,147 372 207 148 0 130 215 IQ 28,898 

July 18-Aug 30 9,367 37,687 28,02B 085 144 126 60 22 200 42 2 28,208 

Totmlm 29,078 148,459 63,158 3,604 1,427 596 830 628 4ol 386 96 61.2l3 

'< 43.2 urn 

b> 43.2 cm 



Table 5. Estimated catch 8 n d  harvest data f o r  anglers seeking kokanee from April  1 5  t o  August 3 0 ,

Lake Pend Orei l le ,  Idaho, 1985.

Other ALL game
game kokanee kokanee fish

Kokanee Kokanee fi sh caught harvested caught
Period Anglers Hours fished caught harvested caught per hour per hour per hour

Apr 15-Mayy 30 934 4,058 1,660 1 ,SSo 208 0 . 3 8  0 . 3 5  0.43

by al-July  I S 4r55B 16,990 24,188 24,170 652 1.27 1.27 1.31

July IB-Aug  30 7,343 27,030 25,589 25,545 1,053 0.85 0.95 0.80

Tot8 18 12,936 5O,B87 52,335 52,266 1,913 1.03 1.02 1.05

h)
c
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and spatial distribution of mean zooplankton densities
in Lake Pend Oreille, Iidaho,  May-July 1985. Identical letters
above means indicate a non-significant (P>O. 05)difference between
compared months or between compared lake sect ions for each
zooplankton group (main effect pairwise  comparison). Statistical
comparisons for unlettered groups (signif icant i n t e r a c t  ion between
sampling time and l o c a t ion) are 1isted in T a b l e  3.
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Kamloops/Rafnbow Trout Catch and Harvest 

Average catch rate for anglers seeking trophy (243.2 cm) Kamloops from 
April 15 to August 30 was approximately 59 hours per fish, calculated from a 
total catch of 1,444 trophy Kamloops In 84,798 hours of effort (Table 6). Of 
this catch 1,111 (77%) were harvested. An additional 316 trophy Kamloops 
were harvested by anglers seeking other salmonlds. 

Average catch rate for anglers seek 1 ng sub-trophy ((43.2 cm) ra 1 nbow 
trout was approximately 0.11 fish per hour, calculated from a total catch of 
748 rainbow trout In 6,775 hours of effort (Table 7). Approximately 695 fish 
(932 1 were harvested. An additional 2,989 sub-trophy ralnbow trout were 
harvested by anglers seeking other species. 

Cutthroat Trout Catch and Harvest 

Average catch rate for anglers seeking cutthroat trout was approxlmately 
0.03 f lsh per hour, calculated from a total catch of 37 cutthroat in 1,160 
hours of effort (Table 8). Most of the fish caught (84%) were harvested. An 
additional 564 cutthroat were harvested by anglers seeking other species. 

Bul I Trout Catch and Harvest 

Average catch rate for anglers seeklng bull trout from April 15 to August 
30 was estlmated at 0.08 f lsh per hour, calculated from a total catch of 421 
bull trout in 5,139 hours of effort (Table 9). Most of the bul I trout catch 
(96% I was harvested. An addltional 427 bull trout were harvested by anglers 
seeking other species. 

Addltlonal Harvest 

Estimated whitefish harvest durlng the reported periods was 628 or 1.0% 
of the total harvest. An estlmated 401 splny ray and 395 miscellaneous 
salmonlds were also caught, each comprlslng approximately 0.7% of the total 
harvest. Estlmated harvest of nongame flsh was 95 for the reporting periods 
which comprised 0.2% of the total harvest. 

Angler Residency 

Idaho residents comprised 54% of the total anglers fishing Lake Pend 
Oreille from April 15 to August 30 and expended 58% of the total fishing 
effort (Table 10). 
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T8blr 6. E8tlut8d catch md hrrvort drtr far Int8rvlorrd 8nglerr 888klng Large raInbar trout8 from April 15 to Augurt 30, 

L8kr P8nd 0rr1118, Id8ha, 1955. 

P8rlod 

Apr 15+8y 30 

Other Othrr L8rg8 L8rg8 ALL ALL au. 

L8rg8 L8rge trout g8n8 rrinbow r8lnbow trout flrh 

rrinbow rrlnbor 8p8d88 fl8h a8ught h8rV88t8d a8uQht a8ught 

hg LIP8 Hour8 firhrd arught h8rV88t8d oaught alught [hrl/f(rh) (hra/flrh] [hrm/fl8h] (hrdflrh] 

7,435 57,311 we 773 1,376 316 57 74 24 21 

llry 31-July 15 3,548 1er7cKl 335 240 734 135 58 73 17 15 

July IB-Aug 30 1,700 0,727 110 83 277 40 00 04 23 20 

Tot8 18 12,783 34,708 1,444 1,111 2,335 500 5s 76 22 20 

8 > 43.2 an 
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Table 6. Eetlmeted catch and harvest date for Intarvlewed anglers soaking cutthroat trout from April IS to Augurt 30, 

Lake Pend OreILLs, Idaho, 1995. 

-e--m 

Period - 

cut- cut- Other Other Cutthroat Cutthroat ALL ALL gems 

throet throat trout game trout trout trout fleh 

trout trout epaclee f Irh caught harveatad caught caught 

Anglere Hours fished ceught harvested caught caught per hour per hour per hour per hour 

Apr 15-Msy 30 154 590 14 12 122 40 0.02 0.02 0.23 0.30 

May 31-July 15 102 453 17 13 55 14 0.04 0.03 0.16 0.19 

July W-Aug 30 46 127 6 6 4 16 0.05 0.05 0.06 0.20 

Totrle 302 1,160 37 31 161 70 0.03 0.03 0.19 0.25 



Table 8. EQtlmatad catch and harvwt data far Intarvlarad anglarn rraklng bull trout from April 16 to AuguQt 30, 
Lake Pand Orelllo, Idaho, 1986. 

Pwlod 

Apr lS-May 30 

cby 31-July IS 

July 16-Aug 30 

Other Other Bull BULL ALL ALL gama 
Bull BULL trout gale trout trout trout firh 
trout trout rpaciar flab aaught harvaQtad caught caught 

AnnlQrr t+~u rB f lrhrd 9Quoht hrrvar $gd aauaht cQuaht 2pr hour Dar hour p@t&&ur par hour 

835 4,462 366 383 438 462 0.08 0.08 O.lE 0.28 

90 666 42 38 18 8 0.07 0.08 0.11 0.12 

34 122 14 14 0 0 0.11 0.11 0.11 0.11 

Tota 18 969 6,139 42-l 403 467 468 0.08 0.08 0.17 0.28 



Table 10. Estimated number and effort of resldent  and nonresident anglers by survey period,  Lake Pend
Oreille, Idaho, 1985.

Perlod
Resident Nonresldent Totals

Anglers Hours Anglers Hours Anglers Hours

Apr 15-Mayy 30 7,862 48,880 3,529 21,325 11,391 70,205

May 31-July 15 4,285 19,770 4,835 21,897 9,120 41,667

July 16-Augg 30 4,074 17,454 5,293 20,133 9,367 37,587

Totals 16,221 86,104 13,657 63,355 29,878
Percent of Total 54%

149,459
58% 46% 42%



DISCUSSION 

Status-m&FlIhery Popu I at Ion 

Low kokanee abundance In 1985 indicated cant inued suppression of kokanee 
production since Its initial decline in the 1960s (Fig. 8). Al though low, 
population totals have been assisted by hatchery supplementation and have not 
declined substantially since 1978. While total kokanee abundance has 
stabilized somewhat during the past eight years, age-c I ass structure has 
var led. Relative contribution of age 0+ kokanee has been increasing since 
1977, whereas the proportlon of age 3+ and older kokanee increased only In 
1985 after declining the previous four years (Fig. 9). This latter age group 
makes up the majority of kokanee spawners and the kokanee fishery. 

In general, catch statfstlcs indicate that the quality of kokanee flshing 
continues to decl ine from the fishery of the mid-1960s. Kokanee catch from 
Apr I I to September in 1985 represented a 44% dec I Ine from estimated catch in 
1980 for the same time perlod and follows a downward trend evident since 1964 
(Fig. 10). Fishing pressure for kokanee has also decl Ined, with a 34% 
reduction from 1980 to 1985. This reduction In effort Is evident in the 
percentage of total anglers seek i ng kokanee, which decl lned from 54% In 1980 
to 43% in 1985. Concurrent decline of catch and effort has resulted in 
slmllar catch rates (approximately 1 fish/hour) for anglers seeklng kokanee 
over the last seven survey years (1975-1980 and 19851, compared to catch 
rates in excess of 3 kokanee per hour for sport anglers during the mid-1960s 
(Ellls and Bowler 1981). 

Kokanee production at Cabinet Gorge Hatchery wi I I help rebuild the 
kokanee populatlon and fishery in Lake Pend Oreille and provlde valuable 
economic beneflts. Net economic worth of the kokanee f lshery has reflected 
the decl ine in the kokanee populatlon. Estimated annual economic worth (In 
1984 dollars) was approximately $5 mlllion in the early 1960s prlor to the 
decl ine in kokanee catch (calculated from Gordon 1970). By 1984, the 
estimated economic worth of the kokanee flshery had declined by 40% to $3 
mi I I Ion. Recognlzlng the importance of the Lake Pend Orei I le kokanee 
fishery, Idaho Department of Fish and Game has made the restoration of this 
fishery one of Its highest priorities In the panhandle reglon. Management 
goals Include an annual harvest of 0.75 mill Ion kokanee supportlng 330,000 
hours of effort w lth catch rates over 2 f Ish per hour. These goals were 
designed to provide a f lshery comparable to the kokanee fishery of the 
mld-1960s. Real lzatlon of these goals would be Impossible without the 
additional hatchery space prov lded by Cab I net Gorge Hatchery. At full 
capacity, up to 20 mill Ion kokanee fry will be produced annually, whereas 
prevlous hatchery production was I imlted to 6-8 mil I Ion kokanee fry. This 
increased productlon will provlde the basis for rebullding the kokanee 
population to historic levels (>12 mll I ion). In addition to improvlng the 
kokanee f I shery, Increased kokanee productlon will enhance the forage base 
for trophy Kamloops, bull trout and bald eagles. 
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Figure  8. Total kokanee  abundance  estimated  during September-  in  lake Pend
Oreille,  Idaho,  1974-1985.

10



W c

p a
n
l

F
E

0 
1

ii
s
?

1
1 0

m
n,

Ii

ID

S
t-

0
W

V
)

v
o

I 
P*

-
3

UJ
DP

,
m

m
V

lf
D

- 
a

C
U

M
M

U
L

A
T

IV
E

 
R

E
L

A
T

IV
E

A
B

U
N

D
A

N
C

E
 

(%
)

i
E

R rl
E

Q)
w

nJ
bi

+
+

+
+ b +



600

1
a
0 500

X
V 300

0
W
W 200

2

::
100

x

0

60 65 70 75 80 85

YEAR

Figure 10. Hean (3 to 5 year) annual kokanee catch from Lake Pend Oreille,
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Increased kokanee product ion is dependent on adequate spawning escapement
and  egg  take . The kokanee run up Grani te Creek to the Su I  I  ivan Springs weir
a n d  e g g  t a k e  s t a t  I o n  c o m p r i s e d
escapement.

a p p r o x i m a t e l y  2 1 %  o f  t h e  t o t a l  s p a w n i n g
Kokanee spawning escapement to Sul  I  ivan Spr lngs in 1985 (75,500

a d u l t s )  w a s  s u b s t a n t i a l l y  l o w e r  t h a n  i n  1 9 8 4  ( 1 3 0 , 0 0 0  a d u l t s ) . An est imated
4 . 6 %  o f  h a t c h e r y  f r y  r e l e a s e d i n  S u l l i v a n  S p r i n g s  d u r i n g  1 9 8 0  r e t u r n e d  a s
a d u l t s , c o m p a r e d  t o  o v e r  1 0 %  i n  p r e v i o u s  y e a r s  ( T a b l e  11). Th is  42%
r e d u c t i o n  i n  s p a w n e r  n u m b e r s  a n d  e s t i m a t e d  f r y - t o - a d u l t  s u r v i v a l i s  p r o b a b l y
a  resu l t  o f  ex t reme co ld  wa te r  cond i t i ons  in  November  and  December  and  no t  an
Ind ica t ion  o f  lower  to ta l  spawner  numbers . Abnorma l l y  l ow wate r  tempera+ures
r e d u c e d  m i g r a t i o n  a c t i v i t y ,  r e s u l t i n g i n  a  l a r g e  p o r t i o n  o f  S u l l i v a n  S p r i n g s
spawners u s i n g  l o w e r  G r a n i t e  C r e e k  a n d  l a k e s h o r e  a r e a s  n e a r  t h e  m o u t h  o f
G r a n i t e  C r e e k  t o  s p a w n  ( G e n e  M c P h e r s o n , IDFG, persona I commun  icat ion).
A c t u a l  e g g  t a k e  a t  S u l l i v a n  S p r i n g s  w a s  1 0 . 6  m i l l i o n  w h i c h  r e p r e s e n t s  5 8 %  o f
t h e  e s t i m a t e d  n u m b e r  o f  e g g s  a v a i l a b l e  i n  t h e  s y s t e m  ( 1 8 . 4  m i l l i o n ) . The
1985 egg take represents only 71% of the 1984 egg take ( 15 ml I I Ion) and 38%
o f  t h e  anticipated  e g g  t a k e  n e c e s s a r y  t o  f i l l  C a b i n e t  G o r g e  H a t c h e r y (28
mil I ion). Kokanee escapement to Su I I ivan Springs in 1986 may be as h igh as
2 6 0 , 0 0 0  a d u l t s  lf n o r t h e r n  I d a h o  h a s  t y p i c a l  l a t e  f a l l  a n d  e a r l y  w i n t e r
weather. This escapement wou I d yield over 38 mi I I ion eggs and exceed the egg
take necessary to f  i  I  I  Cab inet Gorge Hatchery. O n  t h e  o t h e r  h a n d ,  k o k a n e e
e s c a p e m e n t  t o  S u l l i v a n  S p r i n g s I n  1 9 8 6  m a y  b e  l e s s  t h a n  1 2 0 , 0 0 0  a d u l t s  i f
weather dur ing the spawning season (November-December) i s  s i m l l a r  t o  1 9 8 5 .
Th is escapement w o u l d  y i e l d I ess than 1 8  m i l l i o n
produc t ion .

e g g s  f o r  h a t c h e r y
C o n t i n g e n c y  p l a n s  a r e  b e i n g  d e v e l o p e d  t o  o p t i m i z e  e g g  t a k e  i f

condltlons  un favorab le  fo r  kokanee  mig ra t ion  occur .

I n  a d d i t l o n  t o  G r a n i t e  C r e e k ,
s t reams (h ighes t  number

k o k a n e e  s p a w n e r s  u t i l i z e d  o t h e r  t r i b u t a r y
i n  S p r l n g  C r e e k )  a n d  l a k e s h o r e  ( h i g h e s t  n u m b e r  o n

southern lakeshore beaches) spawning areas. Al though more adul t  kokanee were
c o u n t e d  i n  1 9 8 5  t h a n  d u r l n g  t h e  p r e v l o u s  s p a w n l n g  g r o u n d  s u r v e y  (19781,  n o
c o n s i s t e n t  t r e n d s  h a v e  d e v e l o p e d  s i n c e  c o u n t s  b e g a n i n  1 9 7 2  ( T a b l e  12).
H a t c h e r y  contribution t o  n a t u r a l l y  s p a w n i n g  k o k a n e e  o n  l a k e s h o r e  a r e a s  w a s
a p p r o x i m a t e l y  3 4 %  I n  1 9 8 5 , which c o r r e s p o n d s  c l o s e l y  t o  t h e  e s t i m a t e s  f o r
1983 (30%) and 1984 (32%) (LaBol  le 1986). H a t c h e r y  contrlbutlon  t o  n a t u r a l l y
spawning kokanee abundance w I I  I  be mon l tored close1 y as hatchery product ion
1 ncreases.

S e v e r a l  u n d e s i r a b l e  r e s p o n s e s I n  t h e  s p a w n i n g  p o p u l a t i o n  m a y  o c c u r  a s
kokanee abundance increases i n  L a k e  P e n d  O r e i l  l e . D e c l i n i n g  k o k a n e e
abundance has resu I  ted In increased spawner age and I  ength.
d o m i n a t e d  t h e  s p a w n i n g

Age 4+ kokanee
r u n  t o  S u l  I  ivan S p r  lngs C r e e k i n  1 9 8 4  a n d  1 9 8 5 ,

compared  to  a  dominance  o f  age  3 t  spawners  In  1983  (Cochnauer  1984) . Mean
length of  kokanee spawners has var ied f rom 292 mm In 1951 to 245 mm in 1976
a n d  h a s  b e e n  I n c r e a s i n g  s i n c e  1 9 7 6  (Fig. 11). I n c r e a s i n g  l e n g t h  m a y  b e  t h e
r e s u l t  o f  r e d u c e d  c o m p e t i t l o n  f o r  f o r a g e  d u e  t o  l o w  p o p u l a t i o n  d e n s i t i e s  a n d
i n c r e a s e d  f o r a g i n g  efficiency o n  m y s i d s  b y  l a r g e r  s i z e  c l a s s e s .
ol der

Larger  and
kokanee spawners Increase l n d l v l d u a l f e c u n d i t y , p r o v  l d e  a  m o r e

d e s i r a b l e  s p o r t  h a r v e s t  a n d  a l l o w  t h e  c a t c h a b l e  p o p u l a t i o n  t o  b e  i n  t h e
f i s h e r y fo r ’  a r1 a d d i t i o n a l  y e a r . A g e  a n d  l e n g t h  o f  k o k a n e e  s p a w n e r s  a r e
typ lcal l y  d e n s i t y  d e p e n d e n t  a n d  wll I  decl  i n e somewhat  as  kokanee dens i ty
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Tab le  11 .  We i r  coun ts  o f  kokanee  en te r ing  Su l l i van  Springs  f rom 1974  th rough
1985 ,  number  o f  eggs  co l lec ted  and  subsequen t  f r y  re leased  in to
S u l l i v a n  S p r i n g s .

- - - - a - - - - - - - - - - - -
Fry E s t l m a t e d  r e t u r n i n g

released a d u l t s  f r o m $ h a t c h e r y
Kokanee ms followlng hatchery  re leases f r y  r e t u r n l n g

Year sEwned colle$ed a s  a d u l t s- - -  - - - - s and year  re tu rned _---- - -

1974 13,549 985,000 629,200

1975 14,200 NA NA

1976 10,200 913,000 757,700

1977 17,560 2,040,OOO 1,598,800

1978 16,875 1,400,000 1,745,700

1979 12,005 1,451,400 1,081,400

1980 48,760 4,186,700 2,219,800

1981 112 ,820 11,653,OOO

1982 115 ,850 11,432,900

1983 79,850 6,320,OOO

1984 122 ,000 15,000,000

1985 75,500 10,600,OOO

2,487,800

2,875,589

3,214,512

2,938,391

NA NA

NA NA

55,500 (1980) 12.96jb
42,200 (1981)

135,300
29,000

118,000 (1982) 10.08%
58,000 (1983)

42,000 (1983) 10.88%
75,660 (1984)

54,340 (1984) 4.56%
46,810 (1985)

27,935

(1981) 10.28$b
(1982)

(1985)

--_- --- - - - - - -
aAdditional  f r y  w e r e  r e l e a s e d  I n  o t h e r  a r e a s .
bThis  n u m b e r  r e f l e c t s  o n l y  t h o s e  t e t r a c y c l i n e - m a r k e d  a d u l t s  entering
Sullivan S p r i n g s . Unknown numbers of marked adults have been documented
spawnlng  w i th  w i ld  kokanee In  the  Bayview area .
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Figure 11. Mean total length of male and female kokanee spawners from Lake
Pend Oreille, Idaho, 1951-1985.
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Inc reases .  C h a n g e s  I n  l e n g t h , a g e  a n d  fecundity  wll  I  b e  m o n i t o r e d  a s  t h e
k o k a n e e  p o p u l a t l o n  a p p r o a c h e s  carrying c a p a c i t y  In o r d e r  t o  optlmlze  c a t c h ,
size a n d  f e c u n d i t y .

Recru I tment

Inc reased  kokanee  abundance  in  lake  Pend  Ore l l l e  w i l l  be  dependen t  on  f r y
rec ru i tmen t  from hatchery  and w 1 Id  s tocks .  Kokanee f ry  surv iva l  f rom PED to
S e p t e m b e r  t r a w l  s a m p l  I n g  w a s  6 . 6  t i m e s  higher f o r  h a t c h e r y - r e a r e d  f r y  (5.3%)
t h a n  f o r  w i l d  f r y  (0.79$),  partially a  r e s u l t  o f  m l d - s u m m e r  f r y  r e l e a s e s  t o
a v o i d  e a r l y  season f o r a g e  d e f l c l e n c y .  Kokanee f o r a g e  e x c l u s i v e l y  o n
zoop lank ton  and  p re fe r  c ladocerans  (Daphnla  and  Bosmina)  when ava i lab le .  The
z o o p l a n k t o n  c o m m u n i t y  d u r i n g  M a y ,  J u n e  a n d  J u l y
copepod s ,

1 9 8 5  w a s  d o m i n a t e d  b y
w h e r e a s  c l  a d o c e r a n s  w e r e  n o t  e v i d e n t  u n t i  I  I  a t e  J u n e  o r  J u  I  y .

S i m i l a r  z o o p l a n k t o n  ccmmunlty  s t r u c t u r e s  h a v e  b e e n  e v  l d e n t  i n  L a k e  P e n d
O r e l l l e  since mysids w e r e  wel I e s t a b l  ished i n  1 9 7 4  (Rieman  1981). The
t e m p o r a l  d i s p l a c e m e n t  o f  c l a d o c e r a n  p r o d u c t i o n  ( f r o m  l a t e  M a y  p r i o r  t o  mysid
i n f l u e n c e  t o  l a t e  J u l y  f o l l o w i n g  mysld  i n f l u e n c e )  I nd icates the cant I nued
n e e d  t o  d e l a y  h a t c h e r y  f r y  r e l e a s e s  u n t i l  m i d - s u m m e r  t o  c o i n c i d e  w i t h
I n c r e a s i n g  c l a d o c e r a n  p r o d u c t i o n . Recruitment  o f  w i l d  k o k a n e e  f r y  ( p e a k
emergence i n  J u n e )  m a y  c o n t i n u e  a t  d e p r e s s e d  l e v e l s  a s  a  r e s u l t  o f  t h i s
a p p a r e n t l y  p e r m a n e n t shift i n  c l a d o c e r a n  p r o d u c t i o n .  A t y p i c a l l y  h i g h
mortal i ty  of  emerging sockeye salmon (Oncorhynchus nerka) has been documented
w h e n  essential  f o o d  I t e m s  s u c h  a s  B o s m l n a  w e r e  n o t  a v a  I l a b  l e  (Foerster
1968). Z o o p l a n k t o n  d e n s i t l e s  f r o m  M a y  t o  J u l y  1 9 8 5  t e n d e d  t o  b e  l o w e r  i n
n o r t h e r n  t h a n  mid o r  s o u t h e r n  s e c t i o n s  o f  L a k e  P e n d  O r e l l l e .  Lower densities
I n  t h i s  a r e a  m a y  b e  t h e  r e s u l t  o f  l o w e r  l a k e  productlvfty a s  a  r e s u l t  o f  t h e
C l a r k  F o r k  R i v e r  I n f l u e n c e  (Rieman  1 9 7 6 ;  1 9 7 8 ) .  Zooplankton composi t ion and
d e n s i t y  i n  n o r t h e r n  s e c t i o n s  o f  L a k e  P e n d  O r e l l l e  will b e  m o n l t o r e d  c l o s e l y
a s  k o k a n e e  f r y  r e l e a s e s  f r o m  C a b i n e t  G o r g e  H a t c h e r y  I n c r e a s e  I n  t h e  C l a r k
F o r k  R i v e r .

S ince  1978, annua l  rec ru  i tment  o f  ha tchery  f ry  has  been  typ  lcal I  y I  ess
t h a n  0 . 5  mll  I  i o n  (22% o f  t o t a l ) , bu t  has  ranged  f rom 0 .09  to  1 .98  mll  I  Ion as
a  r e s u l t  o f  v a r i a b l e  s u r v i v a l  a n d  n u m b e r  r e l e a s e d  ( F i g . 12).
severe ly  depressed,

Al though
a n n u a l  recruitment  o f  wild f r y  h a s  b e e n  r e l a t i v e l y  s t a b l e

a t  a p p r o x i m a t e l y  1 . 8  mlllion ( r a n g e  1 . 6  t o  2 . 1  mlllion)  s i n c e  1 9 7 8 .  The 1985
e s t i m a t e  ( 0 . 8  m i  I  I  ion) w a s  a n  e x c e p t i o n  t o  this t r e n d  b u t  m a y  b e  I n a c c u r a t e
d u e  t o z
a n d  r e
p roduc t I
surv I va
changes
produc t I

;mal  I  s a m p l e  s i z e .  T h u s ,  t h e  f  l u c t u a t l o n  I n  k o k a n e e  f r y  recruitment
a t l v e  y e a r  c l a s s  s t r e n g t h  are more a f u n c t i o n  o f  h a t c h e r y  f r y
o n  a n d  s u r v i v a l  t h a n  p r o d u c t i o n  a n d  s u r v i v a l  o f  wild f r y . Fry
wil I  b e  monltored  c l o s e l y  i n  f u t u r e  y e a r s  t o  s u b s t a n t i a t e  p o t e n t i a l

r e s u l t i n g  f r o m  d i f f e r e n t  r e l e a s e  strategies  a n d  i n c r e a s e d  h a t c h e r y
on.
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Figure 12. Relative contribution of wild and hatchery production to total
kokanee fry recruitment (in September) in Lake Pend Oreille,
Idaho, 1977-1984 year classes.
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T h a n k s  a r e  e x t e n d e d  t o  L a r r y  LaBolle,, p r o j e c t  l e a d e r  d u r i n g  t h e  first
severa l  months  o f  th  Is  s tudy , who cont inued to  p rov ide  adv  Ice  and ass is tance
a f t e r  l e a v i n g  t h e  posltlon. Tom McArthur  and Greg Jahn prov ided valuable
a s s i s t a n c e  with statlstlcal  a n a l y s e s  a n d  c o m p u t e r  p r o g r a m m i n g .  Personne I
from C l a r k  F o r k  a n d  C a b l n e t  G o r g e  f i s h  hatcheries w e r e  r e s p o n s i b l e  f o r  e g g
take  and  f ry  mark ing  opera t ions .

Fund ing  fo r  th is  s tudy  was prov ided by  Bonnev l l le  Power  Admin ls t ra t lon .
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